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Description
TECHNICAL FIELD

[0001] Subject matter disclosed herein relates gener-
ally to turbochargers for internal combustion engines.

BACKGROUND

[0002] Exhaustdriventurbochargersinclude arotating
group that includes a turbine wheel and a compressor
wheel that are connected to one another by a shaft. The
shaftis typically rotatably supported within a center hous-
ing by one or more bearings. During operation, exhaust
from an internal combustion engine drives a turbocharg-
er’s turbine wheel, which, in turn, drives the compressor
wheel to boost charge air to the internal combustion en-
gine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] A more complete understanding of the various
methods, devices, assemblies, systems, arrangements,
etc., described herein, and equivalents thereof, may be
had by reference to the following detailed description
when taken in conjunction with examples shown in the
accompanying drawings where:

Fig. 1 is a diagram of a turbocharger and an internal
combustion engine along with a controller;

Fig. 2 is a cutaway view of an example of a turbo-
charger;

Figs. 3A and 3B are perspective views of an example
of a cartridge of a turbocharger;

Fig. 4 is a cutaway view of the cartridge of Figs. 3A
and 3B;

Fig. 5 is a cutaway view of a portion of the turbo-
charger of Fig. 2 in an operational state;

Fig. 6 is a cutaway view of a portion of the turbo-
charger of Fig. 2 in an operational state;

Fig. 7 is a cutaway view of a portion of an example
of a turbine assembly of a turbocharger in an oper-
ational state;

Fig. 8 is a cutaway view of the portion of the example
of a turbine assembly of Fig. 7 another operational
state;

Fig. 9 is a cutaway view of a portion of an example
of a turbine assembly of a turbocharger in an oper-
ational state;

Fig. 10 is a cutaway view of a portion of an example
of a turbine assembly of a turbocharger; and

Fig. 11 is a cutaway view of a portion of an example
of a turbine assembly of a turbocharger.

DETAILED DESCRIPTION

[0004] Below, an example of a turbocharged engine
system is described followed by various examples of
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components, assemblies, methods, etc.

[0005] Turbochargers are frequently utilized to in-
crease output of an internal combustion engine. Refer-
ring to Fig. 1, as an example, a system 100 can include
an internal combustion engine 110 and a turbocharger
120. As shown in Fig. 1, the system 100 may be part of
a vehicle 101 where the system 100 is disposed in an
engine compartment and connected to an exhaust con-
duit 103 that directs exhaust to an exhaust outlet 109,
for example, located behind a passenger compartment
105. In the example of Fig. 1, a treatment unit 107 may
be provided to treat exhaust (e.g., to reduce emissions
via catalytic conversion of molecules, etc.).

[0006] As shown in Fig. 1, the internal combustion en-
gine 110 includes an engine block 118 housing one or
more combustion chambers that operatively drive a shaft
112 (e.g., via pistons) as well as an intake port 114 that
provides a flow path for air to the engine block 118 and
an exhaust port 116 that provides a flow path for exhaust
from the engine block 118.

[0007] The turbocharger 120 can act to extract energy
from the exhaust and to provide energy to intake air,
which may be combined with fuel to form combustion
gas. As shown in Fig. 1, the turbocharger 120 includes
an air inlet 134, a shaft 122, a compressor housing as-
sembly 124 for a compressor wheel 125, a turbine hous-
ing assembly 126 for a turbine wheel 127, another hous-
ing assembly 128 and an exhaust outlet 136. The housing
assembly 128 may be referred to as a center housing
assembly as it is disposed between the compressor
housing assembly 124 and the turbine housing assembly
126.

[0008] InFig. 1, the shaft 122 may be a shaft assembly
that includes a variety of components (e.g., consider a
shaft and wheel assembly (SWA) where the turbine
wheel 127 is welded to the shaft 122, etc.). As an exam-
ple, the shaft 122 may be rotatably supported by a bear-
ing system (e.g., journal bearing(s), rolling element bear-
ing(s), etc.) disposed in the housing assembly 128 (e.g.,
in a bore defined by one or more bore walls) such that
rotation of the turbine wheel 127 causes rotation of the
compressor wheel 125 (e.g., as rotatably coupled by the
shaft 122). As an example a center housing rotating as-
sembly (CHRA) can include the compressor wheel 125,
the turbine wheel 127, the shaft 122, the housing assem-
bly 128 and various other components (e.g., a compres-
sor side plate disposed at an axial location between the
compressor wheel 125 and the housing assembly 128).
[0009] In the example of Fig. 1, a variable geometry
assembly 129 is shown as being, in part, disposed be-
tween the housing assembly 128 and the housing as-
sembly 126. Such a variable geometry assembly may
include vanes or other components to vary geometry of
passages thatlead to a turbine wheel space in the turbine
housing assembly 126. As an example, a variable geom-
etry compressor assembly may be provided.

[0010] In the example of Fig. 1, a wastegate valve (or
simply wastegate) 135 is positioned proximate to an ex-
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haust inlet of the turbine housing assembly 126. The
wastegate valve 135 can be controlled to allow at least
some exhaust from the exhaust port 116 to bypass the
turbine wheel 127. Various wastegates, wastegate com-
ponents, etc., may be applied to a conventional fixed noz-
zle turbine, a fixed-vaned nozzle turbine, a variable noz-
zle turbine, atwin scroll turbocharger, etc. As an example,
a wastegate may be an internal wastegate (e.g., at least
partially internal to a turbine housing). As an example, a
wastegate may be an external wastegate (e.g., opera-
tively coupled to a conduit in fluid communication with a
turbine housing).

[0011] In the example of Fig. 1, an exhaust gas recir-
culation (EGR) conduit 115 is also shown, which may be
provided, optionally with one or more valves 117, for ex-
ample, to allow exhaust to flow to a position upstream
the compressor wheel 125.

[0012] Fig. 1 also shows an example arrangement 150
for flow of exhaust to an exhaust turbine housing assem-
bly 152 and another example arrangement 170 for flow
of exhaust to an exhaust turbine housing assembly 172.
In the arrangement 150, a cylinder head 154 includes
passages 156 within to direct exhaust from cylinders to
the turbine housing assembly 152 while in the arrange-
ment 170, a manifold 176 provides for mounting of the
turbine housing assembly 172, for example, without any
separate, intermediate length of exhaust piping. In the
example arrangements 150 and 170, the turbine housing
assemblies 152 and 172 may be configured for use with
a wastegate, variable geometry assembly, etc.

[0013] InFig.1,anexample ofa controller 190 is shown
as including one or more processors 192, memory 194
and one or more interfaces 196. Such a controller may
include circuitry such as circuitry of an engine control unit
(ECU). As described herein, various methods or tech-
niques may optionally be implemented in conjunction
with a controller, for example, through control logic. Con-
trol logic may depend on one or more engine operating
conditions (e.g., turbo rpm, engine rpm, temperature,
load, lubricant, cooling, etc.). For example, sensors may
transmit information to the controller 190 via the one or
more interfaces 196. Control logic may rely on such in-
formation and, in turn, the controller 190 may output con-
trol signals to control engine operation. The controller
190 may be configured to control lubricant flow, temper-
ature, a variable geometry assembly (e.g., variable ge-
ometry compressor or turbine), a wastegate (e.g., via an
actuator), an electric motor, or one or more other com-
ponents associated with an engine, a turbocharger (or
turbochargers), etc. As an example, the turbocharger 120
may include one or more actuators and/or one or more
sensors 198 that may be, for example, coupled to an
interface or interfaces 196 of the controller 190. As an
example, the wastegate 135 may be controlled by a con-
troller thatincludes an actuator responsive to an electrical
signal, a pressure signal, etc. As an example, an actuator
for a wastegate may be a mechanical actuator, for ex-
ample, thatmay operate without a need for electrical pow-
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er (e.g., consider a mechanical actuator configured to
respond to a pressure signal supplied via a conduit).
[0014] Fig. 2 shows an example of a turbocharger as-
sembly 200 thatincludes a shaft 220 supported by a bear-
ing 230 (e.g., a journal bearing, a bearing assembly such
as arolling element bearing with an outer race, etc.) dis-
posed in a bore (e.g., a through bore defined by one or
more bore walls) of a housing 280 between a compressor
assembly 240 that defines a compressor side (left) and
aturbine assembly 260 that defines a turbine side (right).
The compressor assembly 240 includes a compressor
housing 242 that defines a volute 246 and that houses a
compressor wheel 244. As shown in Fig. 2, the turbine
assembly 260 includes aturbine housing 262 that defines
a volute 266 and that houses a turbine wheel 264. The
turbine wheel 264 may be, for example, welded or oth-
erwise attached to the shaft 220 to form a shaftand wheel
assembly (SWA) where a free end of the shaft 220 allows
for attachment of the compressor wheel 244.

[0015] As an example, a wheel, whether a turbine
wheel or a compressor wheel, can include an inducer
portion and an exducer portion, for example, character-
ized in part by an inducer radius (r;) and an exducer radius
(re)- As an example, an individual blade can include an
inducer edge (e.g., a leading edge) and an exducer edge
(e.g., atrailing edge). A wheel may be defined in part by
a trim value that characterizes a relationship between
inducer and exducer portions.

[0016] For a compressor wheel, the inducer portion
can be characterized by a "minor" diameter; whereas, for
aturbine wheel, the inducer portion can be characterized
by a "major" diameter. During operation, inlet flow to a
compressor wheel or a turbine wheel occurs with respect
to its inducer portion and outlet flow from a compressor
wheel or a turbine wheel occurs with respect to its ex-
ducer portion.

[0017] As to air flow, during operation of the turbo-
charger 200, air can be directed from the compressor
wheel 244 to the volute 246 via a diffuser section defined
in part by the compressor housing 242 and a compressor
side plate 270 as the compressor wheel 244 rotates,
drawing air into a passage 248 via an inlet 249, both of
which may be defined by the compressor housing 242.
As indicated in Fig. 2, during operation of the turbocharg-
er 200, the compressor wheel 244 acts to boost air pres-
sure such thatair pressure in the volute 246 (P, ) is great-
er than air pressure in the passage 248 (P,). Rotation
of the compressor wheel 244 can generate a negative
pressure that acts to "suck" air into the compressor as-
sembly 240 and to direct such air to the volute 246 via
the diffuser section. As an example, where exhaust gas
recirculation (EGR) is implemented, environmental air
may be mixed with exhaust (e.g., upstream and/or down-
stream of the compressor wheel 244).

[0018] In the example of Fig. 2, an axial locating pin
285 is received in an opening of the bearing 230, which
may be a cross-bore of the bearing 230. As an example,
one or more other types of axial locating mechanisms
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may be included in a turbocharger that act to limit axial
movement of a bearing (e.g., and/or movementin one or
more other directions). As an example, a locating pin may
allow for radial movement of a bearing, which may allow
for effective operation of one or more lubricant films dis-
posed about a surface of the bearing.

[0019] In the example of Fig. 2, the shaft 220 includes
a step (e.g., a shoulder) that forms an axial annular face.
In the example of Fig. 2, a thrust collar 275 (e.g., a type
of collar) includes a surface that is seated against the
axial annular face of the shaft 220. In such an example,
alock nut 221 can include threads that match threads of
an end portion of the shaft 220 such that tightening of
the lock nut 221 with respect to the shaft 220 loads the
compressor wheel 244 and the thrust collar 275 against
the axial annular face of the shaft 220, which can place
the shaft 220 (e.g., from the step to its end portion) in
tension. In such an example, the shaft 220, the compres-
sor wheel 244 and the lock nut 221 can rotate as a unit
(e.g., responsive to exhaust driving the turbine wheel
264). As shown in the example of Fig. 2, the compressor
side plate 270 can include a bore (e.g., an opening) in
which at least a portion of the thrust collar 275 is posi-
tioned where the thrust collar 275 (and/or the compressor
side plate 270) can include a groove or grooves that may
seat a seal elementor seal elements (e.g., O-rings, piston
rings, etc.).

[0020] In the example of Fig. 2, the turbine assembly
260 includes a variable geometry assembly 250, which
may be referred to as a "cartridge" (e.g., the cartridge
250), thatmay be positioned using an annular component
or flange 251 (e.g., optionally shaped as a stepped an-
nular disc or annular plate) of the cartridge 250 that
clamps between the housing 280 and the turbine housing
262, for example, using bolts 293-1 to 293-N and a heat
shield 290 (e.g., optionally shaped as a stepped annular
disc), the latter of which is disposed between the cartridge
250 and the housing 280 and may be resilient in that it
can apply a biasing force. As shown in the example of
Fig. 2, the cartridge 250 includes a shroud component
252 and the annular component 251. As an example,
one or more mounts or spacers 254 may be disposed
between the shroud component 252 and the annular
component 251, for example, to axially space the shroud
component 252 and the annular component 251 (e.g.,
forming a nozzle space).

[0021] As an example, vanes 255 may be positioned
between the shroud component 252 and the annular
component 251, for example, where a control mecha-
nism may cause pivoting of the vanes 255. As an exam-
ple, the vane 255 may include a vane post 253 that ex-
tends axially to operatively couple to a control mecha-
nism, for example, for pivoting of the vane 255 about a
pivot axis defined by the vane post 253.

[0022] As to exhaust flow, during operation of the tur-
bocharger 200, higher pressure exhaust in the volute 266
passes through passages (e.g., a nozzle or nozzles, a
throat or throats, etc.) of the cartridge 250 to reach the
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turbine wheel 264 as disposed in a turbine wheel space
defined at least in part by the cartridge 250 and at least
in part by the turbine housing 262. After passing through
the turbine wheel space, exhaust travels axially outward-
ly along a passage 268 defined by a wall of the turbine
housing 262 that also defines an opening 269 (e.g., an
exhaust outlet). As indicated, during operation of the tur-
bocharger 200, exhaust pressure in the volute 266 (P;,)
is greater than exhaust pressure in the passage 268 (P,,).
[0023] As anexample, exhaust pressure in the turbine
assembly 260 can depend on position or positioning of
the vanes 255. For example, closing and/or opening of
the vanes 255 (e.g., narrowing or widening throats) can
effect exhaust gas pressure at one or more locations.
[0024] While Fig. 2 shows a general direction of gravity
(G, Earth’s gravity), the orientation of the turbocharger
200 may be in an orientation in an engine compartment
that is suitable for operation given particulars of lubricant
feed, flow and drainage.

[0025] As an example, a turbine assembly of an ex-
haust gas turbocharger can include vanes as part of a
variable geometry turbine (VGT) or variable nozzle tur-
bine (VNT). Vanes may be disposed at least in part in a
cartridge where the cartridge is disposed between a tur-
bine housing and a center housing of a turbocharger.
[0026] As an example, a cartridge may include a
shroud component and an annular component spaced
axially by mounts (e.g., spacers) where vanes are ac-
commodated to control exhaust flow from a volute to a
turbine wheel space. As an example, a vane may include
a trailing edge and a leading edge with a pressure side
airfoil and a suction side airfoil that meet at the trailing
edge and the leading edge. Such a vane may have a
planar upper surface and a planar lower surface where
a clearance exists between the planar upper surface and
the shroud component (e.g., between a lower planar sur-
face of an annular portion of the shroud component)
and/or where a clearance exists between the planar low-
er surface and the annular component (e.g., between an
upper planar surface of an annular portion of the annular
component).

[0027] As an example, each vane may include an axis
about which the vane may pivot (e.g., a pivot axis). As
an example, each vane may include a post (e.g., or axle)
that defines a pivot axis. As an example, a post may be
integral with a vane (e.g., cast as a single piece of metal,
alloy, etc.) or a post may be a separate component that
can be operatively coupled to a vane.

[0028] As an example, movement of a vane (e.g., arc-
wise) may be less closer to the pivot axis and greater
further away from the pivot axis. For example, a trailing
edge or a leading edge may be disposed a distance from
the pivot axis such that upon pivoting of a vane, the lead-
ing edge and/or the trailing edge sweeps a maximum arc
of the vane for a desired amount of pivoting. If clearance
between an upper surface of a vane and a shroud com-
ponent is diminished, the vane may bind, where the risk
may increase depending on arc length as interaction area
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can increase with respect to arc length. In such an ex-
ample, deformation to a shroud component may cause
a vane or vanes to bind upon pivoting or even in a static
position. Binding can result in loss of control, stress to a
control mechanism, wear, etc.

[0029] As an example, forces acting on a vane and/or
a post of a vane may cause a vane or vanes to bind upon
pivoting or even in a static position. Binding can result in
loss of control, stress to a control mechanism, wear, etc.
[0030] As to pressure differentials and temperatures
in a variable geometry turbine assembly, as an example,
exhaust in a volute may have pressure in a range of ap-
proximately 120 kPa to approximately 400 kPa and pos-
sible peak pressure of up to approximately 650 kPa (ab-
solute) and, for example, temperature in a range of ap-
proximately 150 degrees C to approximately 980 degrees
C; whereas, at a location axially downstream of a turbine
wheel, exhaust may have pressure in a lower range and
temperature in a lower range. Exhaust gas temperatures
in a gasoline fuel internal combustion engine may exceed
those of a diesel fuel internal combustion engine. Where
a variable geometry turbine assembly is utilized with a
gasoline fuel internal combustion engine, the environ-
ment may be harsher in terms of temperature when com-
pared to a diesel fuel internal combustion engine.
[0031] As an example, one or more components of a
variable geometry turbine assembly (e.g., VGT assembly
or variable nozzle turbine (VNT) assembly) can include
at least a portion made of a material that can withstand
pressures and temperatures in the aforementioned rang-
es. For example, a material can be the INCONEL® 718
alloy (Specialty Materials Corporation, New Hartford,
NY). Some other examples of materials include IN-
CONEL® 625, C263 (aluminum-titanium age hardening
nickel), Rene 41 (nickel-based alloy), WASPALOY® al-
loy (age hardened austenitic nickel-based alloy, United
Technologies Corporation, Hartford, CT), etc.

[0032] As an example, a cartridge can include vanes
that are disposed at least in part between two compo-
nents. As an example, at least a portion of a vane may
be made of a material such as HK30, which is a chromi-
um-nickel-iron stainless steel alloy including approxi-
mately 30% chromium and 20% nickel, with the balance
being predominantly iron (percentages by mass). As an
example, at least a portion of a vane may be made of a
HK series stainless steel alloy that includes about
18-22% nickel by mass. Such an alloy can be fully auste-
nitic. As an example, one or more components of a car-
tridge may be made of a material such as, for example,
PL23 alloy or SS310 alloy.

[0033] Asanexample, an exhaust gas variable geom-
etry turbine assembly can include a number of pivotable
vanes that define, at least in part, throats within an ex-
haust gas nozzle where each of the pivotable vanes in-
cludes a corresponding post.

[0034] Figs. 3A and 3B show perspective views of the
example cartridge 250 of Fig. 2. These perspective views
show one or more seal rings 261 seated in a groove or
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grooves of the shroud portion 252, a plurality of spacers
254-1, 254-2 and 254-3, a plurality of vanes 255 (e.g.,
255-1 to 255-N) and corresponding vane posts 253-1 to
253-N, a plurality of vane control arms 256, a unison ring
257, a plurality of pins 258-1, 258-2 and 258-3, and a
plurality of guides 259-1, 259-2 and 259-3. Inthe example
of Figs. 3A and 3B, the unison ring 257 may be rotated
about a central axis (e.g., substantially aligned with the
axis of rotation of a turbine wheel) to cause the plurality
of vane control arms 256 to rotate about respective post
axes of individual vane posts 253 of the plurality of vanes
255. The plurality of pins 258-1, 258-2 and 258-3 and the
plurality of guides 259-1, 259-2 and 259-3 may help to
align the unison ring 257 with respect to other compo-
nents of the cartridge 250.

[0035] Inthe example of Figs. 3A and 3B, one or more
ends of the spacers 254-1, 254-2 and 254-3 may be fixed
(e.g., riveted, capped, etc.). For example, an end of a
spacer may be flattened to a radius that is greater than
an opening of a passage through which the spacer ex-
tends such that the spacer cannot be moved axially into
the passage (e.g., a bore, etc.). In the example of Figs.
3A and 3B, the cartridge 250 may be secured as a car-
tridge unit via riveting ends of the spacers 254-1, 254-2
and 254-3, which fixes an axial distance between the
shroud component 252 and the annular component 251
atagiventemperature (e.g.,an ambienttemperature dur-
ing assembly). Such a riveting process may introduce
some amount of stress at the passages (e.g., bores) of
the shroud component 252 and/or the annular compo-
nent 251 through which the spacers 254-1, 254-2 and
254-3 pass.

[0036] Fig. 4 shows a cutaway view of the cartridge
250 of Figs. 3A and 3B. Various dimensions are shown
in Fig. 4 with respect to a cylindrical coordinate system
(®, r, z) with a central axis z where the cutaway view is
a 180 degree view that illustrates cross-sections in the
r,z-plane. Radial dimensions include a radius ry from the
central axis zto aninner surface of the shroud component
252 that defines in part a turbine wheel space, a radius
r, from the central axis z to an outer surface of the shroud
component 252 where a portion of the shroud component
252 thatis between ry and r, may be referred to as a pipe
portion of the shroud component 252, a radius r; from
the central axis z to the spacer 254 axis (e.g., parallel to
the central z axis), and a radius r, from the central axis
z to an outer perimeter of the shroud component 252
where a portion of the shroud component 252 that is be-
tween r, and r, may be referred to as a brim portion of
the shroud component 252.

[0037] The shroud component252 can be shaped sub-
stantially as a hat with the pipe portion extending axially
away from the brim portion. As to a cross-sectional pro-
file, the shroud component 252 has a substantially L-
shaped cross-sectional profile as formed by the pipe por-
tion and the brim portion. As shown in Fig. 4, the shroud
component 252 is a single piece that can be formed from
a single piece of stock material, cast as a single piece,
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etc. As an example, the shroud component 252 may be
machined to form one or more features. For example,
the shroud component 252 may be drilled to form open-
ings for axial support and/or positioning of a plurality of
spacers (see, e.g., the spacer 254). As shown in Fig. 4,
the shroud component 252 can be defined by an axial
dimension Az;,.+, Which may be a sum of an axial brim
dimension Az, and an axial pipe dimension Az;,c.
[0038] AsshowninFig. 4, the vane 255 is disposed at
least in part between the annular component 251 and
the shroud component 252 where an axial distance be-
tween the components 251 and 252 may be defined at
least in part by the spacer 254.

[0039] As shown in Fig. 4, the spacer 254 can include
a portion with an axial dimension and a diameter where
the diameter is larger than the diameter of a axial exten-
sions of the spacer 254 where one axial extension passes
through an opening of a passage (e.g., a bore) in the
annular component 251 where it is flared or capped and
where another axial extension passes through an open-
ing of a passage (e.g., a bore) in the shroud component
252 where itis flared or capped. In such an example, the
spacing axial spacing between the annular component
251 and the shroud component 252 can be fixed to define
an axial throat dimension (see, e.9., AZjoat)-

[0040] As mentioned, an exhaust turbine assembly
can be exposed to high temperatures. For example, con-
sider a relatively small turbocharger with a variable noz-
zle cartridge (VNT cartridge) that is specified for use in
an internal combustion engine application where a max-
imum temperature of the VNT cartridge may be in excess
of approximately 700 degrees C and, for example, less
than approximately 1000 degrees C. Changes in tem-
perature can cause one or more materials to expand
(e.g., according to geometry, size, material of construc-
tion, forces, etc.). Depending on types of material(s)
used, shapes of components, clearances, tolerances,
etc., stresses can occur, particularly with respect to the
annular component 251, the shroud component 252 and
the spacers 254, which, in turn, may affect one or more
clearances of the vanes 255. Where a vane binds (e.g.,
contacts a surface with a high amount of friction), control
of a VNT cartridge (or VGT cartridge) may be effected.
Further, vanes may add to stress or stresses of a car-
tridge.

[0041] Referring again to Fig. 2, as mentioned, the heat
shield 290 may be resilient in that it may act as a spring.
For example, the heat shield 290 can contact the housing
280 and the annular component 251 such that the car-
tridge 250 is forcibly biased against the housing 262. For
example, the housing 262 can include an annular step
thatincludes a stop surface that limits the axial movement
of the annular component 251 and hence the cartridge
250. As shown in Figs. 2, 3 and 4, the annular component
251 includes an annular step or annular shoulder that is
at a position radially outward from the spacer 254, which
includes the portion that extends through an opening of
a passage through the annular component 251 and the
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portion that extends through an opening of a passage
through the shroud component 252. In the example of
Fig. 4, an annular shoulder of the annular component
251 is shown to include an axial dimension Az and
a radial dimension Argider-
[0042] Fig. 5 shows a portion of the cartridge 250 in
spatial relationship with the turbine housing 262 and the
center housing 280 along with various operational pa-
rameters that represent examples of operational condi-
tions. For example, the turbine volute (tv) includes a vo-
lute pressure (P,,) and a volute temperature (T,,), the
throat or nozzle includes anozzle pressure (P)), the cent-
er housing (CH) 280 includes a center housing temper-
ature (Tcp) and a space that exists between the center
housing 280, the turbine housing 262 and the annular
component 251 includes a space temperature (T).
[0043] As shown in Fig. 5, exhaust flows in the volute
with various rotational cross-sectional flow profiles where
the exhaust flows from the volute to the nozzles (e.g.,
throats) defined by adjacent vanes 255, the shroud com-
ponent 252 and the annular component 251. Volute
shape can influence vortex formation, vortex size, pres-
sure loss, etc. In the example of Fig. 5, the volute can
include a main vortex and one or more minor vortexes.
Such vortexes may be referred to as secondary flows or
secondary flow patterns, which can depend on type of
flow to a volute (e.g., pulsating, steady, etc.). An article
by Yang et al., entitled "An investigation of volute cross-
sectional shape on turbocharger turbine under pulsating
conditions in internal combustion engine", Energy Con-
version and Management, 105 (2015), 167-177, is incor-
porated by reference herein.

[0044] As shown in Fig. 5, the pressure in the volute
(Py,) is greater than the pressure in the nozzles (Py)
where a pressure difference can be defined between the
two pressures. As indicated in Fig. 5, the pressure differ-
ence is accompanied by a velocity difference (e.g., via
Bernoulli’s principle) where the shroud component 252
has a higher average velocity on its nozzle facing surface
compared to its volute facing surface such that a "lift"
force is axially downward in a direction from the shroud
component 252 toward the annular component 251. In
the approach of Fig. 5, as the spacer 254 (e.g., spacers
254-1, 254-2, and 254-3) fix the axial distance between
the shroud component 252 and the annular component
251, the "lift" force does not result in any change in the
axial distance. Ignoring temperature effects during oper-
ation or non-operation, the axial distance remains the
same; noting that temperature changes may result in
some amount of change in axial distance due to thermal
coefficients of expansion (or contraction), which may be
complicated due to the annular component 251 and the
shroud component 252 being connected and fixed by the
spacers 254-1, 254-2 and 254-3 (e.g., asriveted atends,
etc.). For example, thermal stresses may be generated
where such stresses may cause distortions to the shroud
component 252 in part because the spacers 254-1, 254-2
and 254-3 are connected to the annular component 251.

shoulder
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In such an example, where the shroud component 252
expands the spacers 254-1, 254-2 and 254-3 may hinder
such expansion such that stress builds and distorts the
shroud component 252. Distortion of the shroud compo-
nent 252 can affect clearance(s) with respect to a turbine
wheel (e.g., consider rotational profile of a turbine wheel).
Where clearances change, performance may change,
which may change in a detrimental manner. Where a
clearance is reduced, a risk exists for contact between a
shroud component and a turbine wheel, which may result
in catastrophic failure of a turbine wheel and/or turbine
housing (e.g., or one or more other components of a tur-
bocharger).

[0045] The example of Fig. 5 also shows various force
arrows (e.g., approximate force and/or reaction force
vectors). As shown, the shoulder of the annular compo-
nent251 isin contact with a mating shoulder of the turbine
housing 262 such that there is zero clearance and aforce
and reaction force. Forces can be imposed by the heat
shield 290, which may apply a biasing force axially up-
wardly away from the center housing 280. Forces are
also shown with respect to the spacer 254 where various
interfaces can exist where the annular component 251
and the shroud component 252 are clamped at least in
part by the spacer 254.

[0046] Fig. 6 shows the assembly of Fig. 5 where the
cartridge 250 is displaced axially in comparison to the
cartridge 250 of Fig. 5. As shown, the shoulder of the
annular component 251 is axially displaced by a distance
Az with respect to the mating shoulder of the turbine hous-
ing 262 such that the annular component 251 is not in
direct contact with the turbine housing 262. In such an
example, the heat shield 290 may apply an increased
force that acts to push the cartridge 250 axially upwardly
away from the center housing 280. As indicated, the one
or more seal rings 261 may slide against a surface of the
turbine housing 262 where the cartridge 250 moves ax-
ially.

[0047] Figs. 5 and 6 show that the cartridge 250 may
move axially while the axial distance between the annular
component 251 and the shroud component 252 remains
constant (e.g., ignoring temperature effects).

[0048] Fig. 7 shows an example of a portion of an as-
sembly 700 where the assembly 700 may include various
components as in the turbocharger 200, the cartridge
250, etc. Fig. 7 also shows an example of a variation of
the assembly 700, labeled assembly 701.

[0049] With respect to the assembly of Figs. 5 and 6,
the assembly 700 and the assembly 701 differ at least in
part in that they include a substantially annular plate 720,
which may be a floating component that defines in part
a portion of a nozzle or nozzles (e.g., a throat or throats).
The assemblies 700 and 701 also differ as to a turbine
housing 760 when compared to the turbine housing 262.
[0050] Fig. 7 shows various dimensions that can be
referenced to a cylindrical coordinate system (0, r, z) with
a central z-axis, which can be an axis defined by a rota-
tional axis of a turbine wheel that is centered with respect
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to a turbine wheel space as defined by various compo-
nents of the assemblies 700 and 701.

[0051] Radial dimensions include a radius rq from the
central axis z to an inner surface that extends to a shroud
762 of the turbine housing 760 that defines in part a tur-
bine wheel space, a radius r, from the central axis z to
an outer surface 763 of the turbine housing 760 such that
aportion of the turbine housing 760 has a radial thickness
(e.g., apipe portion thatincludes the shroud surface 762),
a radius r5 from the central axis z to an axis of a spacer
740 axis (e.g., parallel to the central z axis), a radius r,
from the central axis z to an outer surface 728 of the
substantially annular plate 720, an a radius r5 from the
central axis z to an inner surface 726 of the substantially
annular plate 720.

[0052] In the examples of Fig. 7, in comparison to the
shroud component 252 of Fig. 4, the substantially annular
plate 720 can be a brim (see, e.g., radii r, and r, of the
brim portion of the shroud component 252 as shown in
Fig. 4), which may be a "floating" brim, in that a pressure
differential may cause the substantially annular plate 720
to move axially or to be axially biased (e.g., while the
turbine housing 760 remains stationary with respect to
the substantially annular plate 720). As shown in Fig. 7,
the substantially annular plate 720 is pipe-less when
compared to the shroud component 252 because the tur-
bine housing 760 includes a pipe portion that includes a
shroud portion as defined by the shroud surface 762 (e.g.,
apipethathasaninnersurface thatis exposedto exhaust
flowing past a turbine wheel). As such, the housing 760
may be referred to as a piped housing, with a pipe portion
that includes the shroud surface 762 (see, e.g., the pipe
portion of the shroud component 252 of the cartridge 250
as shown in Fig. 4).

[0053] In the example of Fig. 7, the substantially an-
nular plate 720 may be an annular component that can
be defined with respect to a cylindrical coordinate system
(®, r, z) where a z-axis can be a central axis that may be
substantially aligned with a rotational axis of a turbine
wheel disposed in a turbine space defined at least in part
by the shroud surface 762 of the housing 760. As to sub-
stantial alignment of axes, such an approach may aim to
achieve a substantially uniform clearance in 360 degrees
about a turbine wheel disposed in the turbine wheel
space. Such a clearance may be a design clearance that
may, during operation, vary slightly due to movement of
one or more components, temperature, etc. In general,
a uniform clearance is desirable as performance models
(e.g., numerical models, etc.) may be specified using
such a uniform clearance, which is generally sufficient to
account for slight movements, expansions, etc., such that
a turbine wheel does not contact the shroud surface 762
during operation, as such contact may cause catastroph-
ic failure of a turbocharger.

[0054] In the example of Fig. 7, the substantially an-
nular plate 720 has a substantially rectangular cross-sec-
tional profile (radial and axial); noting that one or more
corners may be chamfered, rounded, etc., which may be
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shaped to as to aerodynamics of exhaust flow (e.g., to
reduce losses, reduce turbulence, reduce eddy forma-
tion, etc.). As shown, the substantially annular plate 720
can be defined by the inner surface 726 at an inner radius
or diameter, the outer surface 728 at an outer radius or
diameter and opposing surfaces 722 and 724 that extend
between the surfaces 726 and 728 (e.g., between the
innerradius or diameter and the outer radius or diameter).
In such an example, the opposing surfaces 722 and 724
can include a high pressure surface 722 and a low pres-
sure surface 724 as aresult of pressures during operation
of a turbocharger. For example, the high pressure sur-
face 722 can be a surface that defines at least a portion
of a volute while the low pressure surface 724 can be a
surface that defines at least a portion of a nozzle or a
throat (e.g., or nozzles or throats as may be defined by
adjacent vanes).

[0055] In the example of Fig. 7, the substantially an-
nular plate 720 may be a pressure biased plate that may
float when a pressure differential across opposing sur-
faces is zero. In a floating state, the substantially annular
plate 720 may move responsive to orientation with re-
spect to gravity; noting that one or more seal rings 761
may be included in the assembly 700 that may apply
some amount of frictional force against a portion of the
substantially annular plate 720, which may resist move-
ment with respect to gravity (Earth’s gravity). As an ex-
ample, a turbocharger may be orientated in a relatively
gravity neutral orientation with respect to a substantially
annular plate (e.g., where the axis of such a plate is or-
thogonal to gravity when a vehicle is on a horizontal sur-
face).

[0056] In the example of Fig. 7, the assembly 700 is
shown as including an annular groove 769 inset in a por-
tion of the turbine housing 760 such that the one or more
seal rings 761 can be fit in the annular groove 769 and
compressed to allow for positioning of the substantially
annular plate 720, which can include the inner surface
726 without one or more annular grooves. For example,
the one or more seal rings 761 can be compressed and
the substantially annular plate 720 can be axially posi-
tioned such that the one or more seal rings 761 can ex-
pand outwardly to contact the inner surface 726 to hinder
flow of exhaust between the surfaces 726 and 763.
[0057] Fig. 7 also shows an example of the substan-
tially annular plate 720 in as part of the assembly 701;
however, the inner surface 726 includes an annular
groove 729 that can seat the one or more seal rings 761.
In such an example, the one or more seal rings 761 may
be seated at least partially in the annular groove 729 prior
to positioning the substantially annular plate 720 over a
pipe portion of a turbine housing. Fig. 7 shows an exam-
ple of the assembly 701 with the turbine housing 760
where the surface 763 does not include one or more an-
nular grooves such as the annular groove 769. In the
example assembly 701, the substantially annular plate
720 may translate axially along the pipe portion of the
turbine housing (e.g., outer surface of pipe portion) be-
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tween the surface 744 of the spacer 740 and a surface
of the turbine housing (see, e.g., the surface 765) without
a risk of the one or more seal rings 761 becoming un-
seated. As to unseating, depending on dimensions, for
the assembly 700, the substantially annular plate 720
may translate axially upwardly a distance where the sur-
face 722 rises above the annular groove 769. Such a
condition may be avoided where, for example, a biasing
and/or frictional force of the one or more seal rings 761
as to the substantially annular plate 720 is sufficient to
hinder movement of the substantially annular plate 720
due to gravity or where the dimensions do not allow the
surface 724 of the substantially annular plate 720 to pass
axially above the one or more seal rings 761 (e.g., the
position of the annular groove 769).

[0058] As shown in Fig. 7, the substantially annular
plate 720 may be disposed annularly about a portion of
the turbine housing 760, which may be a pipe portion that
includes a shroud portion that includes the shroud sur-
face 762. As shown, the substantially annular plate 720
does not form a portion of a shroud of a turbine wheel
space; rather, the turbine housing 760 forms the shroud
of the turbine wheel space. In such an approach, move-
ment of the substantially annular plate 720 does not affect
one or more clearances between the shroud (see shroud
surface 762), as formed by the turbine housing 760, and
a turbine wheel set in the turbine wheel space. In Fig. 7,
the assembly 700 and the assembly 701 can include a
clearance defined by the radii r, and rg that is bridged by
the one or more seal rings 761. In such an example, the
one or more seal rings 761 can be resilient and accom-
modate thermal expansion and/or thermal contraction of
one or more components (e.g., the turbine housing 760
and the substantially annular plate 720) while providing
a labyrinth structure that helps to hinder flow of exhaust
from a pressure chamber (see, e.g., pressure Ppc) to the
nozzle (e.g., a short circuit of exhaust flow from the volute
to the nozzle and past vanes set therein). Such an ap-
proach can help to manage forces such as stresses that
may develop in the assembly of Figs. 5 and 6, which may
act to distort the shroud component 252 and/or one or
more other components.

[0059] Inthe example of Fig. 7, during operation, pres-
sures act to bias the substantially annular plate 720 ax-
ially downwardly toward the spacer 740, which is not
physically attached or connected to the substantially an-
nular plate 720. The spacer 740 can include a contact
surface 744 (e.g., a flat contact surface) that is disposed
at an axial position that defines a minimum axial distance
of the nozzle or throat shown in Fig. 7. In such an exam-
ple, the minimum axial distance can be slightly greater
than an axial height of the vane 255 (e.g., Az, 4,¢) such
that the vane 255 has ample clearance for movement
thereof (e.g., pivoting of the vane 255 in the nozzle space
between the annular component 251 and the substan-
tially annular plate 720). The clearance may be defined
by an axial dimension Az...

[0060] In the example of Fig. 7, as the substantially
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annular plate 720 is not directly attached or connected
to the spacer 740, it may expand and/or contract respon-
sive to changes in temperature without being constrained
by the spacer 740. Further, the one or more seal rings
761 may be resilient (e.g., piston rings, etc.) to allow for
expansion and/or contraction of the substantially annular
plate 720 without binding as to an annular surface 763
of the turbine housing 760.

[0061] As to assembly of the various components of
the assembly 700, the turbine housing 760 can include
a radially extending surface 765 that meets a volute sur-
face 767 at a radial distance from an axis of a turbine
wheel space (e.g., z,) that is to be aligned with a rota-
tional axis of a turbine wheel (e.g., z,,). In such an ex-
ample, the substantially annular plate 720 can be posi-
tioned about the shroud portion of the turbine housing
760 as may be guided by the annular surface 763 and
may be limited as to axial position by the surface 765. In
the example of Fig. 7, the radial length of the substantially
annular plate 720 (Arp) is greater than the radial extent
of the surface 765 such that at least a portion of the sur-
face 722 is within the volute regardless of the axial posi-
tion of the substantially annular plate 720. Further, as
shown, the entire surface 722 may be exposed to volute
gas (e.g., exhaust gas in the volute) when the surface
722 of the substantially annular plate 720 is not in contact
with the surface 765 of the turbine housing 760.

[0062] In the example of Fig. 7, the turbine housing
760 includes the surface 767 as a concave surface that
defines a portion of a volute where the surface 767 ex-
tends to the substantially annular surface 765 of the tur-
bine housing 760 that extends radially inwardly in a di-
rectiontoward a longitudinal axis of a turbine wheel space
to define a portion of a pressure chamber (pc) that is in
fluid communication with the volute such that the pres-
sure of the pressure chamber P is substantially the
same as in the volute P, and, for example, the exhaust
temperature of exhaust in the pressure chamber Tpc is
substantially the same as that of the volute Ty,.. As shown
in Fig. 7, the pressure chamber can be an annular (e.g.,
ring shaped) space defined by surfaces 763, 765 and
722 while being open to the volute at a radially outward
extent (e.g., an open sided chamber with three other
sides being defined by three solid surfaces). In the ex-
ample of Fig. 7, the pressure chamber is defined by an
axial dimension Az, which may change depending on
the axial position of the substantially annular plate 720.
In the example of Fig. 7, the surface 765 of the turbine
housing 760 is at an axial dimension Az, from the surface
744 of the spacer 740, which in the state of the assembly
700 is approximately a sum of Az, and Az, As men-
tioned, one or more seal elements such as the one or
more seal rings 761 may be utilized to hinder leakage of
the pressure chamber from the pressure chamber to a
nozzle or throat space. As mentioned, one or more com-
ponents may include one or more annular grooves for
seating a seal element such as a seal ring (e.g., or seal
rings, etc.). In the example of Fig. 7, the one or more seal
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rings 761 can allow for sliding of the substantially annular
component 720 at least axially while hindering flow of
exhaust from the volute to the nozzle (or throats).
[0063] In the example of Fig. 7, the axial dimension
Az, between an axial position of the surface 744 and an
axial position of the surface 765 is shown to be greater
than the dimension Azp. As an example, such an axial
dimension may be approximately at least 1.05 times the
dimension Az, and may be less than approximately 5
times the dimension Az, (noting that such a factor can
define in part an axial dimension of the pressure chamber
for a state of an assembly). As shown in the example of
Fig. 7, the axial dimension Az, is approximately 2 times
the dimension Az,

[0064] As an example, one or more dimensions may
be selected to provide adequate material strength for the
substantially annular plate 720 (e.g., to avoid risk of warp-
ing, etc.) while providing sufficient formation of a volute
surface by the turbine housing 760. As shown in Fig. 7,
the surface 765 is at an axial position that is between the
shroud surface 762 and a portion of the turbine housing
760 where the pipe begins to widen (see, e.g., the straight
horizontal line and change in slope of the pipe inner sur-
face of the turbine housing 760). As mentioned, dimen-
sions may be selected to avoid displacement of a sub-
stantially annular plate with respect to one or more seal
rings. For example, where an axial dimension between
the surface 765 and the surface 744 is less than approx-
imately 1.5 times Az, the surface 724, depending on the
position of a seating groove, a substantially annular plate
may be prevented from axially passing the annular
groove 769 (e.g., to avoid unseating). As mentioned,
where the arrangement of the substantially annular plate
720 of the assembly 701 is utilized, unseating may be
avoided as the one or more seal rings 761 can move with
the substantially annular plate 720 (e.g., whether such
movement is due to a pressure differential and/or gravi-
ty). As an example, an approach as illustrated in Fig. 9,
which may utilize a spring and/or a post, may be arranged
to avoid unseating of the one or more seal rings 761.
[0065] In the example of Fig. 7, the substantially an-
nular plate 720 includes the axial dimension Azp, which
may be relatively constant between the surface 722 and
the surface 724, for example, from the inner surface 726
to the outer surface 728. In such an example, the sub-
stantially annular plate 720 may be an annular plate
where the surfaces 722 and 724 are parallel; noting that
the surfaces 726 and 728 may be substantially parallel
at least over a portion of each of the surfaces 726 and
728. As mentioned, the substantially annular plate 720
can include a substantially rectangular cross-sectional
profile, noting that corners may be radiused, chamfered,
etc.

[0066] Inthe example of Fig. 7, the annular component
251 may be biased via the heat shield 290 such that the
annular component 251 is in contact with the turbine
housing 760, which may include a mating shoulder as
described with respect to the turbine housing 262.
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[0067] InFig. 7, various force arrows are shown, which
include pressure forces due to contact between the sur-
face 744 of the spacer 740 and the surface 724 of the
substantially annular plate 720. In such an example, ex-
pansion and/or contraction forces (e.g., temperature re-
lated, etc.) are not coupled to the spacer 740; conse-
quently, thermal stress in the substantially annular com-
ponent 720 is not transferred to the annular component
251. Further, as mentioned, the substantially annular
component 720 is not constrained by the spacer 740 as
to radial expansion and/or contraction such thatdistortion
of the substantially annular component 720 can be re-
duced (e.g., minimal, negligible or eliminated).

[0068] In Fig. 7, if the annular component 251 moves
axially, the substantially annular component 720 may fol-
low where pressure biases its surface 724 against the
surface 744 of the spacer 740.

[0069] Fig. 8 shows an example scenario of the as-
sembly 700 of Fig. 7 in a floating state, which can be a
non-operational state. In such a state, a portion of the
turbine housing 760 can be an annular portion that de-
fines a portion of a nozzle such that exhaust flow does
notbypass the vane 255. Specifically, flow from the volute
may bypass a portion of the vane 255; however, as the
turbine housing 760 forms a portion of a nozzle space,
flow is still directed through nozzles (e.g., throats) and
such flow may be at a velocity that generates a pressure
differential that is sufficient to "suck" the substantially an-
nular plate 720 axially downwardly such that the surface
724 contacts the surface 744 of the spacer 740. Thus,
even in a scenario where the substantially annular plate
740 may be momentarily stuck with a gap between the
surfaces 724 and 744, flow is still directed through noz-
zles that have at least an upper bounding surface and a
lower bounding surface.

[0070] Fig. 9 shows an example of the assembly 700
where a spring 790 is positioned at least in part between
the turbine housing 760 and the substantially annular
plate 720. Such a spring may be, for example, a coil
spring, which may be located via one or more features.
For example, the substantially annular plate 720 can in-
clude a post 795 that acts to help maintain the location
of the spring 790. As shown, the post 795 may be oper-
atively coupled to the substantially annular plate 720. As
an example, the post 795 may be operatively coupled to
the housing 760, additionally or alternatively (e.g., where
the post 795 does not prevent axial movement as biased
by the spring 790.

[0071] Inthe example of Fig. 9, the spring 790 may be
selected based on a spring constant (e.g., F(z) = kz, per
Hooke’s law, etc.), which may be sufficient to avoid move-
ment of the substantially annular plate 720 with respect
to gravity (e.g., optionally in combination with one or more
other springs (e.g., consider two or more springs).
[0072] As mentioned, an article by Yang et al., entitled
"An investigation of volute cross-sectional shape on tur-
bocharger turbine under pulsating conditions in internal
combustion engine", Energy Conversion and Manage-

10

15

20

25

30

35

40

45

50

55

10

ment, 105 (2015), 167-177, is incorporated by reference
herein. Yang et al. describes pulsating conditions with
respect to flow in a volute. As an example, a spring such
as the spring 790 may be utilized to damp axial movement
of the substantially annular plate 720 as may be expected
to be caused by pulsating conditions as caused by op-
eration of one or more combustion cylinders in an internal
combustion engine (e.g., where the pressure P, as
shown in Fig. 7 pulses with respect to time responsive
to pulsations of the exhaust gas in the volute (e.g., pul-
sations in Py,). For example, pulsating conditions as to
exhaust flow to a volute may cause movement (e.g., vi-
bration, etc.) of a floating substantially annular plate as
the pressure in the pressure chamber varies with the pul-
sations. In such an example, a spring or springs may be
utilized to damp such movement(s). As mentioned, a sub-
stantially annular plate may be designed with a profile
that is aerodynamic as to a portion that extends into a
volute and/or defines a portion of a volute. Such a profile
may be shaped in a manner that helps to reduce the
effect of pulsations in exhaust flowing to the volute. Such
a profile may help to increase cycle averaged efficiency
and may optionally be implemented in combination with
one or more springs.

[0073] Fig. 10 shows an example of a portion of an
assembly 1000 that includes a turbine housing 1060, a
locating component 1070 and a center housing 1080
along with various components of the assembly 700 such
as the substantially annular plate 720 and the spacer 740.
[0074] As shown in Fig. 10, the turbine housing 1060
can include aradially extending surface 1065 that meets
a volute surface 1067 at a radial distance from an axis
of a turbine wheel space (e.g., z,) that is to be aligned
with a rotational axis of a turbine wheel (e.g., z;,,). In such
an example, the substantially annular plate 720 can be
positioned about the shroud portion of the turbine hous-
ing 1060 as may be guided by the annular surface 1063
and may be limited as to axial position by the surface
1065. In the example of Fig. 10, the radial length of the
substantially annular plate 720 (Ar) is greater than the
radial extent of the surface 1065 such that at least a por-
tion of the surface 722 is within the volute regardless of
the axial position of the substantially annular plate 720.
Further, as shown, the entire surface 722 may be ex-
posed to volute gas (e.g., exhaust gas in the volute) when
the surface 722 of the substantially annular plate 720 is
not in contact with the surface 1065 of the turbine housing
1060.

[0075] In the example of Fig. 10, the locating compo-
nent 1070 can be annular and limit the axial position of
the annular component 251. As shown, the locating com-
ponent 1070 can be clamped between the center housing
1080 and the turbine housing 1060 such that it is rigidly
fixed. The locating component 1070 can also define a
portion of the volute such as a base of the volute. As to
clamping, the locating component 1070 may be clamped
via coupling of the turbine housing 1060 to the center
housing 1080 (e.g., via bolts, etc.).
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[0076] Fig. 11 shows an example of a portion of an
assembly 1100 that includes an annular component
1151, a turbine housing 1160, a bolt 1161 and a center
housing 1180 along with various components of the as-
sembly 700 such as the substantially annular plate 720
and the spacer 740. As shown, the bolt 1161 can connect
the annular component 1151 directly to the center hous-
ing 1180. In such an example, the heat shield 290 may
be fixed between the annular component 1151 and the
center housing 1180 where the heat shield 290 does not
movably bias the annular component 1151 with respect
to the center housing 1180. Or, for example, the heat
shield 290 can be utilized to bias the annular component
1151 while the annular component 1151 is fixed via the
bolt 1161 (or a plurality of such bolts). In such an example,
the biasing force, as applied by the heat shield 290, may
help to stabilize the annular component 1151 near its
inner perimeter, which may be adjacentto a turbine wheel
(e.g., with a desired amount of clearance between the
inner perimeter and an outer perimeter of the turbine
wheel). In such an example, the assembly 1100 may be
referred to as a fixed and biased approach as the annular
component 1151 is both fixed and biased.

[0077] In the example of Fig. 11, the annular compo-
nent 1151 is shows as including an opening to receive a
portion of the bolt 1161 where the center housing 1180
includes a threaded opening that can receive a portion
of the bolt 1161 where threads of the bolt 1161 can mate
with threads of the threaded opening to secure the an-
nular component 1151 to the center housing 1180. As to
assembly, a cartridge that includes the annular compo-
nent 1151 may be bolted to the center housing 1180 and
then the turbine housing 1160 may be operatively cou-
pled to the center housing 1180.

[0078] As an example, a variation of the approach of
Fig. 11 can include clamping a portion of the annular
component 1151 between the turbine housing 1160 and
the center housing 1180 with utilizing the bolt 1161
where, for example, one or more bolts may be utilized to
operatively couple the turbine housing 1160 to the center
housing 1180 (e.g., to clamp a portion of the annular com-
ponent 1151 therebetween). In such an example, the
heat shield 290 may be configured to apply a biasing
force to the annular component 1151, for example,
against and away from the center housing 1180. Such
an arrangement may be referred to as a fixed and biased
approach with respect to the annular component 1151
where, for example, the substantially annular plate 720
may be a floating plate (e.g., or spring biased as in the
example of Fig. 9).

[0079] As an example, a turbocharger can include a
center housing; a bearing disposed in a through bore of
the center housing where the through bore of the center
housing defines a longitudinal axis; a shaft rotatably sup-
ported by the bearing; a compressor wheel operatively
coupled to the shaft; a turbine wheel operatively coupled
to the shaft; and a turbine housing assembly operatively
coupled to the center housing where the turbine housing
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assembly includes: a turbine housing that includes a con-
cave surface that defines a portion of a volute where the
concave surface extends to a substantially annular sur-
face of the turbine housing that extends radially inwardly
in a direction toward the longitudinal axis to define a por-
tion of a pressure chamber that is in fluid communication
with the volute, a substantially annular plate that defines
a portion of the pressure chamber, an annular compo-
nent, and at least one spacer where the at least one spac-
er defines a minimum axial distance between the sub-
stantially annular plate and the annular component to
define a nozzle that is in fluid communication with the
volute and in fluid communication with a turbine wheel
space defined at least in part by the turbine housing,
where, responsive to fluid flow in the volute and through
the nozzle to the turbine wheel space, the pressure cham-
berincludes a fluid pressure that exceeds a fluid pressure
of the nozzle to apply a biasing force to the substantially
annular plate in an axial direction toward the center hous-
ing to maintain the minimum axial distance between the
substantially annular plate and the annular component
as defined by the atleast one spacer. In such anexample,
the substantially annular plate can be a floating plate. A
floating plate can be a plate that can move axially in a
manner independent of the annular component. Such
movement may be, for example, in an operational state
of the turbocharger (e.g., during operation as an exhaust
driven turbocharger) and/or in a non-operational state of
the turbocharger (e.g., where an internal combustion en-
gine is not supplying exhaust to the turbocharger).
[0080] As an example, a turbocharger can include a
heat shield disposed between a center housing and a
second substantially annular plate.

[0081] As an example, a turbine housing can include
a shroud surface.

[0082] As an example, a turbocharger can include a
spring disposed between a substantially annular plate
and a turbine housing.

[0083] As an example, a turbocharger can include at
least one bolt that connects an annular component to a
center housing.

[0084] As an example, a substantially annular plate of
a turbocharger can include opposing surfaces that ex-
tend between an inner perimeter and an outer perimeter.
In such an example, the opposing surfaces can be sub-
stantially parallel. As an example, a substantially annular
plate can include at least one perimeter that can be de-
fined by a diameter. For example, a substantially annular
plate can include an inner perimeter that is defined by a
diameter and/or an outer perimeter that is defined by a
diameter. As to substantially parallel opposing surfaces,
a substantially annular plate may be formed from a stock
material that is in the form of a plate with a rectangular
cross-sectional profile. In such an example, the substan-
tially annular plate may be stamped or otherwise formed
from the stock material. As an example, some amount
of machining may be utilized to form a finished substan-
tially annular plate suitable for installation in a turbine
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assembly of a turbocharger. For example, one or more
corners may be machined, which may enhance aerody-
namics of the substantially annular plate (e.g., as to a
portion that is disposed in a volute, etc.).

[0085] As anexample, an inner perimeter may option-
ally include an annular groove that can receive a seal
component (e.g., a piston ring, etc.) that can form a seal
with respect to a portion of a turbine housing (see, e.g.,
Figs. 7, 8, 9, 10 or 11 where the seal rings 761 may be
inset into the turbine housing and/or inset into the sub-
stantially annular plate 720 depending on groove fea-
tures thereof). Where an annular groove exists on both
a substantially annular plate and a turbine housing for
receipt of one or more seal rings, such an arrangement
can include an adequate axial dimension on one or both
grooves to allow for axial movement of the substantially
annular plate (e.g., responsive to a pressure differential,
etc.).

[0086] As an example, a substantially annular plate
can include a substantially rectangular cross-sectional
profile. For example, a radial line that extends from a
central axis of a substantially annular plate through an
inner perimeter and an outer perimeter thereof can define
a cross-sectional profile with long sides that correspond
to opposing surfaces and short sides that correspond to
the inner and outer perimeters.

[0087] As an example, a turbocharger can include at
least one seal ring disposed radially between a turbine
housing and a substantially annular plate. In such an ex-
ample, the substantially annular plate can include an an-
nular groove that seats at least one of the at least one
seal ring and/or the turbine housing can include an an-
nular groove that seats at least one of the at least one
seal ring.

[0088] As an example, a portion of a turbine housing
can define a nozzle with respect to an annular compo-
nent. For example, in Fig. 7, the turbine housing 760 in-
cludes a relatively flat surface that can be annular in
shape thathas aradial span that overlaps with a relatively
flat surface of the annular component 251. Thus, in such
anexample, the nozzle is defined in part the turbine hous-
ing, in addition to being defined in part by the substantially
annular plate 720. In such an arrangement, the nozzle
is, in part, defined by afixed surface of the turbine housing
760, as fixed to the center housing 280; whereas, atleast
one of the surface of the substantially annular plate 720
and the surface of the annular component 251 may be
movable (e.g., axially). In such an example, a downward
axial deflection of the annular component 251 may be
accompanied by a downward axial deflection of the sub-
stantially annular plate 720 such that a portion of the noz-
zle, as defined by the turbine housing, becomes greater
in its axial dimension than the axial dimension between
the substantially annular plate 720 and the annular com-
ponent 251 (e.g., as determined by the spacer 740).
[0089] As an example, a turbocharger can include a
nozzle that includes a fixed portion and a floating portion.
In such an example, a turbine housing can define in part
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the fixed portion and a substantially annular plate can
define in part the floating portion.

[0090] As an example, a turbocharger can include a
locating component that is clamped between a center
housing and a turbine housing and that axially locates
an annular component.

[0091] As an example, a turbocharger can include a
turbine assembly that includes vanes disposed in a noz-
zle that is a passage for exhaust from a volute of the
turbine assembly to a turbine wheel space defined at
leastin part by the turbine assembly. In such an example,
the vanes may be part of a cartridge that includes a mech-
anism for adjustment of the vanes, which can change
one or more characteristics of throats as defined at least
in part by adjacent vanes. Such a change may be re-
sponsive to one or more conditions (e.g., exhaust flow,
compressor pressure, demand, etc.).

[0092] As an example, a minimum axial distance be-
tween a substantially annular plate and an annular com-
ponent as defined by at least one spacer can be greater
than a maximum vane height of the vanes. In such an
example, the risk of a vane contact (e.g., and being dam-
aged, bound, etc.) canbereduced. As an example, where
a nozzle includes a fixed portion as defined by a turbine
housing, an annular component can be limited in its axial
position to reduce risk of contact between a vane and
the turbine housing.

[0093] Although some examples of methods, devices,
systems, arrangements, etc., have been illustrated in the
accompanying Drawings and described in the foregoing
Detailed Description, it will be understood that the exam-
ple embodiments disclosed are not limiting, but are ca-
pable of numerous rearrangements, modifications and
substitutions.

Claims
1. A turbocharger comprising:

a center housing;

a bearing disposed in a through bore of the cent-
er housing wherein the through bore of the cent-
er housing defines a longitudinal axis;

a shaft rotatably supported by the bearing;

a compressor wheel operatively coupled to the
shaft;

a turbine wheel operatively coupled to the shaft;
and

aturbine housing assembly operatively coupled
to the center housing wherein the turbine hous-
ing assembly comprises:

aturbine housing that comprises a concave
surface that defines a portion of a volute
wherein the concave surface extends to a
substantially annular surface of the turbine
housing that extends radially inwardly in a
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direction toward the longitudinal axis to de-
fine a portion of a pressure chamber that is
in fluid communication with the volute,

a substantially annular plate that defines a
portion of the pressure chamber,

an annular component, and

at least one spacer wherein the at least one
spacer defines a minimum axial distance
between the substantially annular plate and
the annular component to define a nozzle
thatis in fluid communication with the volute
and in fluid communication with a turbine
wheel space defined at least in part by the
turbine housing,

wherein, responsive to fluid flow in the vo-
lute and through the nozzle to the turbine
wheel space, the pressure chamber com-
prises a fluid pressure that exceeds a fluid
pressure of the nozzle to apply a biasing
force to the substantially annular plate in an
axial direction toward the center housing to
maintain the minimum axial distance be-
tween the substantially annular plate and
the annular component as defined by the at
least one spacer.

The turbocharger of claim 1, further comprising a
heat shield disposed between the center housing
and the second substantially annular plate.

The turbocharger of claim 1 or 2, wherein the sub-
stantially annular plate is a floating plate.

The turbocharger of any preceding claim, wherein
the turbine housing comprises a shroud surface.

The turbocharger of any preceding claim, further
comprising a spring disposed between the substan-
tially annular plate and the turbine housing.

The turbocharger of any preceding claim, further
comprising at least one bolt that connects the annu-
lar component to the center housing.

The turbocharger of any preceding claim, wherein
the substantially annular plate comprises opposing
surfaces that extend between aninner perimeter and
an outer perimeter, wherein, optionally, the opposing
surfaces are substantially parallel.

The turbocharger of any preceding claim, wherein
the substantially annular plate comprises a substan-
tially rectangular cross-sectional profile.

The turbocharger of any preceding claim, further
comprising at least one seal ring disposed radially
between the turbine housing and the substantially
annular plate.
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The turbocharger of claim 9, wherein the substan-
tially annular plate comprises an annular groove that
seats at least one of the at least one seal ring.

The turbocharger of claim 9, wherein the turbine
housing comprises an annular groove that seats at
least one of the at least one seal ring.

The turbocharger of any preceding claim, wherein a
portion of the turbine housing defines the nozzle with
respect to the annular component.

The turbocharger of any preceding claim, wherein
the nozzle comprises a fixed portion and a floating
portion, wherein, optionally, the turbine housing de-
fines in part the fixed portion and wherein the sub-
stantially annular plate defines in part the floating
portion.

The turbocharger of any preceding claim, further
comprising alocating componentthatis clamped be-
tween the center housing and the turbine housing
and that axially locates the annular component.

The turbocharger of any preceding claim, further
comprising vanes disposed in the nozzle, wherein,
optionally, the minimum axial distance between the
substantially annular plate and the annular compo-
nent as defined by the at least one spacer is greater
than a maximum vane height of the vanes.
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